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I doubt there is probably any term or combination of terms that hit the press more often at 
this point than do Information Highway, Information Superhighway, Infobahn, or National 
Information Infrastructure. Unfortunately, however, that means they are also over used, abused, 
and under defmed because we are in such an early stage. I can share some ideas with you about 
what this thing is, what some of the real thinking going on in terms of what is driving the creation 
and defmition of an information highway, what it might look like, what are the roles of the players 
who will need to work to make this thing be. So that is kind of the road map for our highway. 
Thinking about a highway. I thought it was only fair that we started with having a drivers 
license. So here is your test: Is the information superhighway, 500 channels, 128 of them 
showing the OJ. Simpson trial? (I hope not) Is it a video phone so that grandma can see the 
grandkids twostates away? Is it access to world libnuies and databases for researchers such as 
yourselves and students in grades K-12? Will it allow us to get the best deal on stereo speakers 
through access to informational sources and shopping services? Will it enable doctors to practice 
medicine with patients thousands of miles away? Finally, is it putting you in control of your 
entertainment by allowing you to pick the choices of shows that you want to watch, whether they 
are old PBS, videos from the library, whatever it might be? 
Naturally, the answer to all of those questions is yes. The bad news is there are so many 
different things out there that the Information Highway means everything to everybody, and 
nothing to everybody at the same time. If you put 10 people in a room and ask them what the 
information highway is, you will get somewhere between 10 and 12 answers. So what we now 
have the opportunity to do is think about what it might mean. I want to take some time and think 
about our physical highways as a metaphor for what we are talking about. In some sense the 
metaphor is a little too limiting. The highway metaphor is good if you think about the highway 
system of the United States. We have interstates, and feeding into those we have any number of 
state and local highways, county dirt roads, and that metaphor begins to take on a little bit of the 
complexity of the information superhighway, but perhaps the better terminology is the entire 
transportation infrastructure that we have. It is not just physical infrastructure that trucks, cars, 
and motorcycles drive on, but it also includes the planes and trains. We have an entire 
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infrastructure available there to move things from place to place. That is what the infonnation 
infrastructure, infonnation highway if you will, of tomorrow needs to be as well. So whether it is 
movies or shopping, what we are looking at is a broad infra~tructure that will allow 
communication and access to infonnation across the broadest spectrum. Thinking about that may 
be a good place to begin. What are some of the leaders of our nation and industry beginning to 
say this infonnation structure is? The Clinton administration articulated their infonnation in a 
document in September of last year called the National Infonnation Infrastructure: Agenda for 
Action. The real mission of their vision is what you see here: a seamless web of communication 
networks, computers, databases, and consumer electronics that will allow vast amounts of 
information to be reached from your fmger tips. That ha~ a lot of broad implications with respect 
to networks and devices and software. 
In some respect that vision is a little bit like John Kennedy's challenge to America to put 
a man on the moon, but my personal belief is that Kennedy's mission to the scientific community 
was more focused and manageable then the National Information Infrastructure. The complexity 
of building a whole new national, and I would go a~ far as to say global, information 
infrastructure, is far more complex and involves far broader implications on more industries than 
just the technical community that we are all a part of. There are others too, who are articulating 
an Infonnation Highway vision. I include a quote from Govemor Mike Leavitt of Utah. Mr. 
Leavitt is probably one of the leaders at that level. We at US WEST would say "he got it." He 
gets the idea that this thing is all about. You don't want to build any more bricks and mortar then 
you have too. We are at a place where technology will now enable us to build an infra~tructure 
out of electrons, pieces of fiber optics, and copper wire of various sorts. So if I'm in govemment, 
I don't have to keep building schools, I don't have to keep building large brick edifices, you can 
use what is available, and link them together in more effective ways electronically. 
I have also included a couple of quotes that just happen to be from our senior leadership 
at US WEST, but I think they are indicative of where industry as a whole is, where there is a 
recognition that the real crux of the National Information Infrastructure is infonnation anytime, 
any place, from any device. That is the goal (Figure 1). 
It is probably helpful to think a little about the shift in our culture and technology that are 
driving the definition and development of the National Infonnation Infrastructure. What makes it 
important now, where it wasn't important 5 years ago? Maybe even 2 years ago in some circles? 
There are some pretty obvious trends that almost everyone can relate to if you think about it. 
Certainly as users, our expectations are a lot different then they were a decade ago when we used 
to be happy with phone conversations and maybe some slow speed data communication. Now 
we get real frustrated if things are not fast, or if we don't have integration of voice perhaps with 
our text and image. Multi media is right on the threshold. Now that we have it available on our 
desktop, we don't know why it can't be networked. And our interests have also become much 
different then they were a decade ago. It wasn't that long ago that we had three broadcast TV 
networks and a handful of national publications: Time, Life, Saturday Evening Post and the like. 
Now we have umpteen of each. I haven't got a cun"ent count, but think about the new niche 
nature of the market, from the Discovery and History Channels to ESPN to MTV. We now have 
countless, hundreds, of very small niche magazines from technical joumals to four-wheel off 
roading to body building to bike riding. We have become very focused in what we are interested 
in seeing in tenns of information. It is no longer the marketplace expectation that I'm going to 
read Time, Saturday Evening Post, and the New Yorker. I want to read things that are of interest 
to me. Certainly from a technical community I think we have all had some perception of the 
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Internet. What started out at a few kilo bits of data transmission among just the R&D community 
and the government has blossomed to global scope and megabit backbones. We have the 
capability, and are on the threshold of starting, to see commercial uses of that network. That 
imposes a whole set of interesting issues in and among themselves. A lot of people that are of 
the Internet community of old do not like this commercial intrusion into their Internet. They don't 
like it when someone in their news group shows up pitching something that looks a little 
commercial. So how do you begin to sort out some of those issues? 
Mobility is certainly another big issue for us. Not too long ago we had a very embryonic 
cellular telephone industry that had maybe a few tens of thousands of subscribers. Now we are 
to the point where we have millions. It is growing dramatically and we are on the threshold of 
new a wireless technology called Personal Communication Services which will offer services to 
even more people with smaller, less expensive sets. It's growing beyond anyone's belief. 
The regulatory climate certainly has changed from the past monopoly environment where 
you had a monopoly telephone company and a monopoly franchise for your cable provider. 
Working with some very obvious constraints in the regulatory regime of whatever might be the 
rate of return in the telephone industry, or a particular pricing in the cable industry, there has been 
a move to drive towards competitive operation where now you as users want to have choices 
again. You don't want to be confined to a single provider if you have a choice. You want that 
provider to price competitively as opposed to pricing to cover cost plus rate of return for their 
shareholders. 
The last one that I have noted is the driver of government itself. Not too long ago 
government just kind of did what government did, but now there is a real recognition that access 
to government by the citizenry is a very important issue for them. They need to find better ways 
to do that. They need to become more efficient at what they do, because you as taxpayers are 
starting to tell them that you are not willing to spending money in such growing rates as you have 
been historically. Health care reform is certainly a topic of the 90s, and technology is being 
positioned to help make some of that happen; likewise education reform. What we have done 
historically isn't necessarily acceptable as we go forward. And la~tly, particularly in the rural 
areas, there is a real desire to provide economic development opportunities. Here again, it is 
envisioned that technology can offer opportunities in the rural environment that you may not be 
able to offer absent that technology (Figure 2). 
So what does that really kind of boil down to? I have shown here a $700 billion number 
as the dramatic opportunity. John Sculley, the former chairman of Apple Computer, likes to 
quote a $3 trillion number for the opportunity in information services. I think he is a little broad 
there; I think mine is a little more focused on just information. Thi~ number represents just 
accessed information, including entertainment. We do include that, and you can see the amount 
we spend annually as users when we rent videos is $12 billion. That is a pretty significant 
number. We spend $75 billion on catalog shopping, then $100s of billion on access information, 
Prodigy and on-line services like Nexis, Lexis, or Dow Jones. There is a lot of information out 
there, and that number also includes what we think of now a~ print media, because print media 
that we know it today is likely to move to electronic media in the future. The interesting part of 
all of this is the studies are being conducted on a regular ba~is trying to figure out what that 
means. Is this really something that industry should pursue? It is one thing to say it is 3 trillion 
or 700 billion, but will people spend it? Will they buy this thing once you put it out there. One 
recent study indicated perhaps 55% of us in the United States would be willing to spend amounts 
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equal to what we now spend for our cable t.v. to have access to inactive on line information. 
Another study indicated, perhaps as many as 25% of us would jump ship from whoever our 
current provider is to a competitive provider if they offer the same kind of service at equal to or 
better prices. So you have a very large but valuable market opportunity. The downside from a 
business perspective is the niche nature of the market we alluded to when we talked about how 
we want things that are of interest to us. A lot of the trade press gets all caught up in talking 
about the killer application, I'm going to say to you that I don't believe it. Other folks in the 
industry believe there is a killer application. Because of the niches of the market, because of the 
need to meet all of the various segments on a small scale, the real "killer" , will be finding ways 
to create a common infrastructure where you can work through this synergy of a lot of small 
things to offer things on an economical scale basis. Concurrent with those shifts in the market 
place, our culture has seen a lot of technology advances in the last few years. Typically, now we 
are at the point, where we see prices drop on technical things at about 15-20% per year while the 
performance continues to double about every 18 months. From a telecommunications 
perspective, and a communications and computing perspective, we are at place now that instead 
of machines that would handle maybe lOs or 100s of users, we are starting to begin to see 
machines that will perhaps get us up to where we need to be when you think about national kinds 
of things that will handle hundreds of thousands of concurrent users on that particular machine. 
Storage is obviously an issue. If we are talking about access to a lot of infonnation, it has to be 
stored electronically. It wasn't too long ago you used to spend $8000 per billion bits of 
information. That trend is dropping pretty dramatically; it is down to around $1000 now and 
with optical right on the door steps you are going to see numbers in the few hundreds range. So 
some storage solutions are right on the threshold. Consider also network transport. DS3.45 
megabits a second, was a common high speed back bone network not that long ago. With the 
advent of fiber optics, we are seeing commercially available systems that run that up to 2.4 
gigabits, 2.4 billion bits of information per second. That is a lot of data. Let me kind of put that 
into perspective. An example I like to use is if you think about Webster's Dictionary of about 
1500 pages. To transmit that at a 64 kilo bits per second would take 48 minutes. Okay. if you 
can move that up to a DS3, you can move that same amount of information in 4.2 seconds. 
When we get that on 2 gigabits fiber backbone, it will take less then 1/10 of one second to move 
that same information. That is a requirement because of the volume of data we are dealing with 
now; megabits of data, instead of a few 1000 characters in a text message. Files are not 
untypical at a megabit or more. To move that kind of information at the speeds we want to see it, 
you are going to have to have those kinds of speeds. The last thing that I'll point to are some of 
the user devices. You may all remember your first PC. I still have mine-an old Tandy that 
came out with 480 kilobits of memory and 2 floppy disks. Not much of a machine, but it was 
really great for doing just basic word-processing or dial up modem access to a remote system. 
That machine at that point in time was a couple of grand. Today, for around $2500, you can get 
a 486 machine with CD ROM and several megabits of memory on a hard disk. Certainly the 
computer technology is a key factor in what now makes the National Information Infrastructure 
doable. The other corresponding information appliances, things like personal digital assistants 
are good example. A couple of years ago things like this didn't exist. They are here now but 
they are cumbersome, expensive, and they are not mass market friendly. But very shortly we will 
be able to use those as remote devices to enable us to do the things that we can only do today 
from our desktops (Figure 3). 
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Maybe another good thing to do before we launch off into the future is to make sure we 
are all on the same ground. Today's information infrastructure is really a network of networks. 
We have an information infrastructure because we have a very robust network that is very good 
at connecting people with people or people with information. It has its limitations with respect to 
speed and how much information you can put over it, but we have a very robust network. We 
also have a robust architecture continuing to evolve to where you will see many new services 
such as personal, wireless communications move into the mass market with devices selling for 
less than a couple hundred dollars. You will use them at home, you will use them at the office, 
you will use them portably while you are out much like you do with cellular, but at much cheaper 
rates. They are much more friendly to the mass market. 
As an industry we have done a good job of taking fiber to selected communities. 
Whether it is the core business community, the university or campus environment, we have a lot 
of high speed networks in place. The problem ha~ been these networks as you see them here 
have not been well connected. It is not necessarily easy for you setting on one of those networks 
to talk to someone else or access a databa~e that might be setting on the other side on another 
network. That is a function of how the networks were designed. Each one was designed with a 
particular community of interest in mind. There wa~ a specific need that was designed to 
optimize network transport for that need. We did a good job as a telecommunication industry in 
meeting that need, but now we are at a place where people don't want to be confmed to these 
physical barriers. So that presents the challenge for the future: how do we begin to interconnect 
these things that have not been well interconnected before. So that becomes one of the first 
issues from my perspective of what will differentiate the National Information Infrastructure that 
is now being talked about, the Information Superhighway, from what we have today. It will be 
adding the intelligence, the capabilities to interconnect, to navigate, to do conversions across 
these networks to see seamless communicate between people and information sources (Figure 4). 
Another key component to that is obviously the national network. You saw on the 
previous slide a local network. That is what things look like in a downtown Minneapolis or New 
York or wherever. The National Information Infrastructure has to be national and globally 
interconnected so that you have access to the same things you may be familiar with today on the 
Internet. The Internet is a very good model for a lot of the information infra~tructure. The 
growth has been phenomenal. It has roughly grown from 10- 15% per month for the last few 
years, and we have something like 30 million subscribers, or end users out there on the ends of it. 
So there is a lot of information and a lot of users. The problem with Internet is it still has some 
pitfalls. Speed is one pit fall that can be overcome with technology, but some of the protocols 
that they use, the languages, and the way they do it. For example, reliable delivery is an issue. 
You put things on the Internet and there is no guarantee that the receiver will get them Most of 
the time they do, but there is no guarantee. Is that good enough for your communications? Also, 
it doesn't have other features for security or prevention of fraud. It doesn't have billing 
capabilities. These are things we believe are necessary when you start thinking about an 
information highway that is an analogous to the telephone network or other types of data 
communications. I am not saying that it cannot grow into it, but I guess all I'm trying to 
communicate is that now I don't think it is accurate to say that the Internet is the information 
superhighway. It may be a good basis. It certainly has to be a critical piece of the puzzle. You 
don't want to lose connectivity to those millions of users. You don't want to lose that access to 
literally thousands of databases that are out there. There are some challenges we are going to 
have to face (Figures 5 and 6). 
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Now that we have laid the foundation and I have gotten my personal biases out on the 
table, lets think a little about what the information highway looks like. 
Within US WEST we have approached this from a perspective that the way we believe 
the information highway will be developed will be ba<;ed upon communities of interest. The 
CoIN acronym you see up there is the name of the project for the community of interest 
networks. It is how we believe we will implement the National Information Infrastructure. 
What's critical to recognize is that there are a lot of different communities. This particular group 
is part of one community of interest, but you as individuals are also members of a lot of other 
communities of interest. Whether it is the kids' soccer team, access to information, home 
schooling, electronic shopping, there are other communities that you will be a part of. What we 
believe we need to do is understand what those communities are, what there needs are, and then 
begin to build common capabilities to satisfy them. As we have looked at the needs and tried to 
understand the potential application needs, we come up with a high level model like this. Think 
of that center part as the network of networks that you saw on the slide a bit ago, and think of all 
the various kinds of technology that is out there today that will allow people to communicate in 
one way or another. What we believe will form the information highway is putting some 
additional intelligence on top of that and you see that in the lower left there are some things called 
"transport/information enhancement processors". That is a bit of a fancy name, but the notion is 
that if you put computing processing in the network, you make the network more intelligent, so 
beyond just providing connectivity and transport, you provide capabilities that allow people to 
move between those networks. 
You see up in the top part "Information Appliances". One of the goals in the Clinton's 
administration vision was support for a wide variety of information appliances. That means you 
want the ability to get to your E-mail when you are in the Detroit airport. How do you do that? 
Other customers will want the ability to use their wireless phone or their plane touchtone phone 
on the desk, or to use a high powered workstation. You name it, the InfOlmation Highway must 
support it. Thus, I have the opportunity to try and make all these various devices play 
seamlessly by supporting the whole gamut against all those varies network types. 
Up on the upper right you see "application service processors". Those represent the 
actual services, whether it's a databa<;e, home shopping, or video bunkers, juke boxes if you will, 
where the two thousand videos are stored and you call one up to watch Terminator Two for the 
hundredth time in the study on Friday night. 
The bottom part has to be a gateway to services in other networks, other access to the 
Internet, access to other service providers that are not shown here, such as Prodigy, American 
Online, etc. So that is the high level frame work of what the CoIN project i.e., the National 
Information Infrastructure looks like (Figure 7). 
If we descend a little more to get a closer view of the Information Highway, to see a little 
more at the functional level, rather than at that 50,000 foot view, we get down to what does this 
thing really mean? The next slide shows a Functional Model of the capabilities needed in an 
information infrastructure. The bottom layer again is just the network transport. It is all those 
things that are out there today, or will be there very shortly, that will provide the physical 
connectivity in the high speed band that we will need to make these things work. What we have 
to begin to build are things on top of those pieces of transport, things that will do the protocol 
conversions, that will take the protocol used in ISDN, frame relay, whatever, and convert them so 
that you can communicate with someone setting at the other end of another network (Figure 8). 
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I mentioned a case of your wanting to get your E-mail in the Detroit airport. The 
processing power of the network, we believe, can have the capability to take your text E-mail, 
run it through a speech processor, and read your E-mail to you. Today that technology isn't very 
elegant; it begins to sound very monotone, and I really don't want to hear a three page electronic 
mail message read to me that way. One, it would take too long, and two, I would go to sleep 
before it was done. It would be even more boring than I am to listen to. The point is if you put 
those kinds of intelligence in the platforms in the network they begin to do that. You create the 
device support capability that can recognize it's between 8 and 5, you're in your office, and you 
are working on the Macintosh, and the network should use one set of capabilities. If it is now 9 
a.m. on a Saturday morning and you have dialed in for your messages, the information highway 
should recognize that you are either on the telephone, you're on a Newton PDA, what ever it 
might be, and do an appropriate kind of conversion to make those kind of things play. 
The next layer in this model includes some additional capabilities that the network needs 
to have. Again, I believe, to create a true information super highway, security and authorization 
is a big concern. I think most of you will agree that the expectation will be that communications 
on the information super highway need to be as secure and private as what I feel they are on the 
telephone network today. We all have a great deal of confidence that when I call someone, a) 
when I connect to them it is just the two of us on that line and it isn't being intercepted, and b) it 
isn't getting lost in the great bit bucket in the sky someplace; somebody else isn't picking up that 
information. I want to make sure that when I want to get on to the network that the network 
knows it's me and appropriately authorizes me to do the things I want to. But as the network 
provider I want to be very sure I don't allow people to get into places they shouldn't be. So we 
have some big security and authorization issues to deal with. Navigation is certainly a big issue. 
Again, going back to the Internet analogy, we have some tools that are beginning to make it much 
easier to find where information is. I believe it is another quantum step to the information 
superhighway where you can use intelligent search agents to go out and find information for you, 
and say here are the twelve data sources that might be of interest to you. But somehow we need 
to be able to know who has information out there and where it is, and how do we get to it. Very 
closely linked to that is directory services. If I want to try and find somebody, where is that 
person on the network? Or, if I want a particular piece of data, where might that reside? So you 
link the navigation and directory together and then you get the challenge of actually routing the 
communication between them, because all those networks that we said were out there before, 
most all of them have a different scheme of identifying their users and their address on the 
network. So we have to be able to do address translation, and we have to be able to route things 
appropriately to get it where you want it to be. From a network operator's perspective, one of the 
largest challenges "how do I actually implement this?" How do I tum your service as a new user 
on? How do I capture data that I'm going to need, or that the information provider is going to 
need to bill for services? If these are chargeable kinds of services, a lot of work needs to be spent 
to figure out what this is all about. 
Up at the very top you will see the actual services themselves, whether they are databases 
of information, or information running the gamut from movies to databases to home shopping. 
Then there is a layer between those services and all the enabling services we've just covered. 
What we want to create are a set of APls (Applications Programming Interfaces) that we can 
publish to the world, and say, if you want access to all this capability, that is now part of this new 
intelligent information highway. Here are the interfaces, here are the specifications, here is what 
you need to do, and if you follow these interface guidelines, you can become an information 
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provider and get access to all of these things. You can put up a server in your garage and offer 
the next, best service for four wheel off roading in western Montana. You can be in the business. 
It is not beyond the realm of reason to think if we do this stuff right that this infrastructure 
becomes kind of like MS DOS was to the PC world. When you have a common capability, an 
operating system that is now open and available to a wide range of people, you can spawn a 
whole new industry, just as MS DOS gave birth to a whole new software industry in the PC 
world. It is not unfathomable that if we create this infrastructure properly with the right sets of 
stuff that people need to meaningfully allow their services to go online, we can help create a 
whole new information industry on top of a physical one that we have today. Think a little bit 
about what it might look like if we started to create these functions and put them out there 
someplace. Where would you likely put them? This slide shows a kind of a hypothetical small 
town situation. In a large metropolitan area you would see these facilities replicated many times, 
but this is probably a prototype of what really needs to happen to create a information 
superhighway. The information processors, the network enhancement processor that you see 
hanging off a couple of those squares called COs (that is telephone talk for Central Offices, that 
is where switching equipment is), that is where we bring the new capabilities into play. Hook 
processors into the network at those COs to provide the kinds of functionality that will do the 
conversion, the navigation and directory routing, those kinds of functions. We will have our own 
application processors, and we will offer service from them. Some of you may be aware that in 
Omaha, Nebraska, we are putting up a broadband network and will have video servers to offer 
movies on demand, and some other services. We have announced home shopping, for example. 
It is likely we may get into some other educational and other more socially redeeming services as 
well. But others will have application processors out there, too. A real important thing to keep in 
mind is that this has to be an open environment, not a telephone company opportunity, not a cable 
company opportunity. It is a national 0pp0l1unity, and we all have to learn how to play like big 
boys in the sandboxes this time. For this to really be an information super highway, that cable 
t.v. head end that is serving their subscribers with infOlmation and maybe even telephone service, 
has to be interconnected to the telephone companies central offices and information appliances, 
and application servers, and network enhancement processors, because if we don't meet that test 
of truly open interconnect seamless communication, then we have fallen shOlt of the goal. 
I have shown some applications. You can begin to let your mind go wild about what the 
applications are. We mentioned some in the beginning certainly hospitals, clinics, doctors will be 
interconnected to pass information, whether it is patient records, x-rays, or MRI images. And 
certainly, from your perspective as a research community, the ability to have access to the data 
bases in some other institutions, or the access to perhaps a large central server is important. I 
don't know how intense in terms of computing your applications are, but I can vision that some 
of those are very computing intense. Wouldn't it be nice to access on a very readily available 
basis large super computer centers in order to do some modeling that you can't afford to do 
locally? Those kinds of things are the notions we are getting at and you begin to get the feel for 
the various kinds of networks and how they will interconnect (Figure 9). 
Thinking a little bit about how this thing will evolve, and where we are going with it, I 
admit right up front that this next graph is a guess. Nobody really knows, but it is our belief that 
what we have today in what we call the narrow band; the things that today offer you voice, fax, 
data speeds up to modem rates something around 14,400 bits, all the way up to ISDN at 64 
kilo bits per second, will still be the predominate services on the network through the end of the 
decade and into the next century just because that network is in place and a lot of the applications 
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can be served with that kind of telecommunications facilities. There is a lot of press right now 
about broadband, high speed, and video, and those are great. Those are a very different piece of 
the puzzle. We must support those, but some applications we have talked about before, like 
medical imaging, can be done in a very interesting way right now at 64 kilo bits in that narrow 
band range. You don't have to send all 64 frames of an MRI scan to specialists in the next state. 
You send the one or two that appears to have a spot or two, and those are adequate for a 
meaningful diagnosis. You can send an MRI scan in a few seconds. Hopefully, through all this 
you are beginning to get the idea there is a lot of things-text, image, desktop video 
conferencing, for example-where I believe that technology is moving forward and will make 
interesting applications practical in that narrow band stage. Certainly the movement is to the 
wide band, and broadband facilities kinds of things. To provide full motion video you must have 
a broadband kind of network. n, 1.5 megabit per second transmission, services are okay. I 
think the technology will be here very rapidly to make even entertainment viable to some degree, 
but it will probably be more at the 3 megabits kind of range. That is a little more then you are 
going to get on a Tl and it is not practical to take a Tl to someone's house right now. You can 
do it over copper, but it is a very limited technology to take it into two little twisted pieces of 
copper that come in the back of your house. Now certainly when interconnecting campus 
environments you can really do some good things on the Ethernet and token ring LANs. You can 
interconnect those, but when you start talking about a lot of users, lots of big files, whether those 
files are images or those files are full motion videos, you begin to eat up those facilities very 
rapidly. That will drive us towards a broadband network (Figure 10). 
The wrinkle is that you don't put whole new networks in place in a day or two, or even a 
year or two, and they are not free. This kinds of gets us to this point: What do we do to get 
there? I guess as the wise old sage said "All it takes is time and money." Unfortunately, the 
money is big right now. All the RBOCs (Regional Bell Operating Companies), US WEST 
included, have announced programs of some sort to develop broadband networks. Most of those 
programs are looking to implement somewhere between 750,()()0 to a million line per year, 
which sounds like a lot, but if you do the arithmetic, even at a million lines a year in most regions, 
that is 15 years to get it deployed to all of their customers. By the way, you are going to spend 
about 30 billion dollars, and that is just the telephone company. Corresponding efforts will be 
made in the cable t.v. industry and by competitive access providers as well as direct broadcast 
satellites. There is a lot of money being spent right now to make this thing play. You are talking 
literally hundreds of billions of dollars and decades to get this new network ubiquitously 
deployed. (That's more telephone talk meaning everybody gets it.) The good news is we don't 
have to wait until we get that broadband network in. We can begin today. We can begin to offer 
meaningful things in the health care world with education. I believe that a lot of you have seen 
video conferencing applications. That technology works very well for education opportunities, 
even for remote diagnosis in medical environment. High speed data opportunities; there is a lot 
of things we can begin to do today that we don't have to wait until we get to that mythological 
place out in the future. There are network component protocol issues that we have to solve. 
There are some key materials problems; we have to be able to get faster and cheaper electronics. 
Fiber isn't the big issue, but we need ways to put information down on that piece of glass. I 
mentioned commercially systems like 2.4 megabits. I just read earlier in the week that Bell Labs 
has done a thing where they have passed 40 gigabits over a piece of glass. That is going to get us 
somewhere (Figure 11). 
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Evolution of Services 
Information 
Service 
Applications 
1994 
Enabling Technologies 
• ATM 
Broadband Networks 
Parallel Computing 
Large, Cheap Storage 
Figure 10 
2002 
Narrowband -- Voice, Fax, Data, 
Conferencing 
Wideband -- Imaging, 
High Speed File Transfers 
Broadband -- Video, 
Interactive Games 
Challenges 
• Scalability 
Cost 
• Time to Develop New Services 
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The infonnation appliances and the servers are going to be a problem. It isn't clear what 
the market place is going to want. Will you want to do checkbook balancing and fmancial 
transactions from your t. v.? I doubt you will want to do full motion videos on your Pc. What is 
the right appliance for all these new information services? The set top boxes that will control 
multimedia services on your t.v. are a challenge. They are just emerging today. 
So, how do we create all that stuff in the middle of that box I showed you a little bit ago? 
How do we begin to enable people to write new applications. While we are doing that there are a 
few real key factors that we have to keep in mind. One, this thing, has to be very dependable and 
manageable. I mentioned before that it is our estimation that you are going to want this to be as 
dependable and reliable as your dial tone is on your phone. From an operator's perspective, it 
has to be equally as manageable. Ease of use: 
The Internet has taken its raps in the past because it has not been real user friendly. For 
the non-technical community that becomes an even greater problem. So we have to make things 
as intuitive to do in an electronic form as they are today when you open you DayTimer and write 
down an appointment or when you go to the yellow pages and look up an address. We have 
talked some about security and privacy issues, and certainly enabling portability so that you can 
do this wherever you want to do it is important. You don't want to be restricted to just a few 
places. So what is going to make that all happen? I believe, and I believe most industry is 
beginning to understand, that there are some real critical roles that government and industry have 
to play. I'll say right here that to only identify government and industry is no way slighting the 
academic community. But from where I sit, I put you as key integral parts of both of those. So 
you are indeed working through your policy inputs and initiatives that get fed to government and 
industry. 
Government has to set the vision. We have one that needs to be refined. We need to put 
more meat on that skeleton and understand what that is all about. There are some barriers right 
now, quite honestly, that congress is wrestling with in tenns of how to make this thing nationally 
interconnect. To get all the players to bring their money to the table, you have to deal with some 
of the reality problems that now constrain one or another of the players in the mix. Finally, 
industry has to do what it does best, and that is to understand the market and fmd the solution to 
the needs market and then create an open environment that will foster a creation of an industry 
that will put the things out there that you will want to see on this infonnation highway. 
That is a kind of a Readers Digest version of what this thing is about. I don't think any 
one knows for sure what the Information Highway is. What I have given you today is a view I 
believe is a kind of consensus of what is going on in industry. I think the one thing we do know, 
and that everyone will agree on is when we get there, when we have it, it we will connect you to 
your worlds (Figures 12, 13, 14). 
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Key Technology Needs 
• Network Components and Protocols 
• Information Appliances and Servers 
• Multimedia Information Technologies 
• Infrastructure for Applications Development 
Figure 12 
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Critical Success Factors 
• Dependability and Manageability 
• Ease of Use 
• Interoperability 
• Security and Privacy 
• Portability I Mobility and Ubiquity 
Figure 13 
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Partnership of Government and Industry 
• Role of Government 
- Establish the Vision and Goals 
- Channel R&D Investments 
- Break Down Legal and Regulatory Barriers 
• Role of Industry 
- Understand the Communities of Interest 
- Develop the Technology 
- Build the Necessary Infrastructure 
- Create an Open Environment to Foster a New 
Information Industry 
Figure 14 
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DISCUSSION 
Q. If you extrapolate to the global steady state condition, how many gigabits do you need 
to make the whole system operate? Is that an estimate that has been made? 
A. (Newton): I will give you a couple of data points. The most direct answer, Don, is no 
nobody has tried to put that to paper. One data point that I heard a few months ago was that 
someone did do some calculations, and just as an example, all of the traffic that now transits the 
Internet would maybe take a two or three DS3s (45 megabit per seconds lines) fully used. So 
when you get to the point of putting several million more people on with a lot high band width, 
who knows. Another one that I heard, and this may be more to the global point, the larger 
national thing, is one person did a little on the back of the envelope and guessed that probably all 
of the communications that happen within the United States in one given day could fit within the 
capacity of a piece of fiber. The band width will be there. The problem is how do you divide it 
up and get people to it. 
Imagine a network connected to various research labs, industrial labs, and so forth, each 
of which has a certain amount of computing power. When you put this network together, then 
does the computing power become the parallel capabilities of all the labs on the line? 
Theoretically, yes. I mean if you really believe that you go to the ultimate distributed client 
server model, there are a lot of assumptions in there. One is that the machine you want to get 
access to allows you to get access to their resource. But theoretically yes, if you need access to 
computing sources, whether it is the actual processor to run the program or access to storage the 
Information Highway becomes the largest ever conceived distributed computing client server 
operations ever envisioned by anybody. Bruce Issacason, ISA: Just a couple of issues. One, 
when you say open system do you mean providers being competitive in providing services or do 
you mean just competitive services through a provider? I think I mean a little bit of both of those. 
When I use the term open system, I'm mostly alluding to the need that this whole network has to 
be defined on open standards that will allow anyone to connect their network or their server. This 
facilitates, I think, both of your points because as a competitor, I can put my service on the 
network or I can even make my competing network interconnect to your network in order to hook 
our two customers together. I also could facilitate my own demise as a network provider by 
providing the ability for competitors to come in and nip at my market shares. 
Q: There has been an issue evolving about security on the system. Internet providers 
today can't really have their own security systems. Providers such as you have indicated they 
would provide security. Does that mean the government would have access through you to all 
the information? I would like you to address that issue if you would. 
A: The security issue particularly as it relates to government access I think is still a very 
open issue. I read in the la<;t week or so that they had decided to take a second look at that. For 
the issue of security, from a network perspective with respect to the government's demands, we 
as network providers will hopefully have some ability to influence that, but are likely just be told 
what the answer is, when it gets down to it. For government purposes, the National Security 
Agency drives it. Law enforcement at various levels will be plugged into the network to allow 
the kinds of access that they have today on your telephone. That is my opinion that is what a lot 
of people are thinking I don't know if anybody is going to tell you what that looks like because I 
think that issue is in the embryonic stage. I guess from the overall security perspective there is a 
couple of issues. One is making sure that we know who you are and that you are allowed to get 
to certain kinds of information, and that we have adequate security to ensure that you don't get 
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into things you are not suppose to. As a network provider we have a number of different issues 
in terms of do we impose that security, or do we put that out at the edge of the network? If you 
are an America Online subscriber, you have a security process to say, yes it is me and I belong 
here, I'm a subscriber. Is it now the job when you get to the information highway for the 
network provider to do that screening? We can do that, but there is a whole bunch of logistics 
that have to happen before you as a provider tell me who you want me to send to your platform, 
or do I give that to you as the provider and let you decide. Those issues are not anywhere near 
resolution and that has to be one the task of some of the working groups. One was just chartered 
under one of the administration's initiatives under the group that is working on the National 
Information Infrastructure to begin to understand what the security issues are. 
Q. Talking about global information what translations to other languages other than 
English? 
A. It is my belief that we will also want to include in those boxes in the Functional Model 
labeled media and format translation a capability for language translation. We are beginning to 
do some of the things, more at the program level to hook different kinds of programs of E-mail 
systems together. We do it to a very limited degree on voice mail. Why don't we include it as 
part of the process of a message between Spain and the US today on the information highway. I 
think it should be as technology enables it. The problem is language processors today are not 
sophisticated enough to give you proper translation. There are too many ambiguities, especially 
in the English language in order to get a good translation. There is no rea<;on why you couldn't 
put that on there instead of a voice mail processor that would give it to you verbally, in another 
language. 
Q. One of the concerns that I have is this: is the plan too closely tied to the technology 
that we have today? What happens ten years from now when we come across some new 
technology? What happens in terms of downwards capability? Is that going to be a big issue in 
the years to come? I would say at this point that the big issue is the current state of capability. I 
think the design principles we will bring to the information highway will be such that it will be a 
very modular design. For those of you familiar with the programming environment, we will use 
an object oriented kind of environment. If I had a box that is the media translation box and I have 
some great new technology, I unplug the old one and plug the new one in. Technology is kind of 
like Legos. I create this new infrastructure and I have various kinds of interfaces and sockets, 
and I can plug and play with whatever I need; some people want narrow band, some people want 
wide band, some may want broadband, and some may want this, and you put the right pieces 
together in a very open modular system. You throwaway the old and plug in the new. 
Anywhere along the line we can trip and fall in that model that I just laid out for you if we don't 
stop and carefully consider what are the ramifications of doing it a certain way. I think the good 
news is that the kind of infrastructure that I have alluded to is modular enough and capable 
enough of handling what we can see into the future. At this point, at lea<;t talking to the people 
that I talk too, nobody sees some kind of new quantum leap thing that is going to blow the whole 
thing out of the water. So we are good for a decade or two, and if we do it right and think of 
things that are more modular and sp~cified by interfaces, so what if we have a new thing that 
does 50 zillion bits a second instead of a few gigabits. If you can defIne the interface and define 
the relationship between the new technology and old through a interface, you have now have 
accommodated with forward as well as backwards ability. 
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Q. We know that the cost of education is high and is going up. Is this super highway 
going too revolutionize the educational system and reduce the cost, for example staying at home 
and taking a course through the media taught by a national professor and literally eliminating 
lecture rooms, classrooms? 
A. I think there is a defmite potential for that to happen if you look at the application of 
technology to education. It offers a couple or three things. One, it gives you access to remote 
sources that you don't have capabilities to afford on a local basis, particularly in rural 
environments. But also in the large metropolitan environment you may be only able to afford one 
or two teachers of Japanese, a very specialized kind of resource. Using technology to allow those 
Japanese classes to take place through video conferencing, two way interactively, all students 
now have access to resources that they didn't have before. The corollary to that is it should help 
drive down some of the costs of that delivery of education as well. I don't have to have a 
specialized source in each district or each school. I can begin too share those resources across 
multiple districts, perhaps across states. I don't know that we will get to the national level. I 
believe there are some issues about how this drives the education agenda, from the states or at 
the national level, and we will not get into that, but certainly you now begin to expand the 
resources. Technology should be more cost effective then payrolls, and if you get to a point 
where you truly have delivery of education into the home, then you have a whole lot less 
buildings to build or maintain. So the potential is there. 
How technology will be adopted and used, I guess, is really a different issue. One of my 
own personal questions, not only for education, but for work at home, is do you really want to do 
away with the lecture environment? Do you want to isolate kids to the point that there is no 
socialization that they achieve by going to school? Do you want to isolate workers in their study 
working on their terminals all day? That mayor may not be something you want to do. So there 
are technology issues that technology should help drive costs down, and help the effectiveness of 
delivery of some of these kinds of things but I think there is a whole cast of things that have to be 
looked at at the same time on the social issues in terms of what do we really want to make this 
thing do. How do we make what we have better? Replace it where necessary, but let's not 
throw the baby out with the bath water. 
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